have shorter parents and target height than SGA L+W+HC children. Conclusions: Our study shows that subclassification of short SGA children might be a useful method for investigating SGA children as the subgroups revealed a different gestation, delivery and postnatal growth pattern. Response to GH treatment was not different between the groups.
Introduction
Small for gestational age (SGA) is the term used to describe a group of children born with a birth weight and/or birth length below the normal range of a reference population, corrected for gestational age at birth. Since reduced size at birth may result from any number of fetal, maternal, placental or demographic influences, children born SGA comprise a heterogeneous group with a broad spectrum of clinical characteristics. While many children born SGA achieve sufficient growth to normalize their stature by 2 years of age, approximately 10-15% maintain a height ! -2 standard deviation scores (SDS) and continue to be short throughout adolescence and adulthood [1] . Furthermore, in a population-based postnatal growth study of 3,650 infants, of whom 8.1% were classified SGA according to their birth weight and birth length SDS, children born both short and light for gesta- van tional age were found to be shorter as adults than those born either short or light [2] .
Short SGA children appear to benefit from growth hormone (GH) treatment in terms of height increment. However, even after accounting for differences in parental height, age and duration of treatment, there appears to be a wide variation in the response to GH treatment that has been difficult to explain. The recent European approval of GH therapy to improve growth in short SGA children highlights the clinical relevance of ascertaining which short SGA children are most likely to benefit from treatment because potentially 23,000 European children meet the criteria for GH therapy annually [1] [2] [3] .
We have previously demonstrated that mean head circumference (HC) is significantly smaller (p ! 0.001) in short SGA children with a reduced birth weight and birth length ( ^ -2.00 SDS) than in short SGA children born with merely a short birth length ( ^ -2.00 SDS) [4] . The objective of this study was to determine whether subclassification of short SGA children according to their birth anthropometrics could delineate differences in gestation, type of delivery, postnatal growth, response to GH treatment and parental height.
Methods

Patients
Data was evaluated of 201 SGA children with persistent short stature who were participating in prospective cohort trials evaluating the effect of GH treatment [4] [5] [6] [7] [8] [9] . SGA was defined as a birth length ^ -2.00 SDS [10] . Persistent short stature was defined as a height ^ -2.00 SDS at the age 6 3 years [11] . Children were divided into three groups based on anthropometrics at birth: group 1 comprised children with reduced birth length ( ^ -2.00 SDS) and normal birth weight and HC (SDS 1 -2.00) (SGA L ), group 2 comprised children with reduced birth length and weight ( ^ -2.00 SDS) and normal HC (SDS 1 -2.00) (SGA L+W ), and group 3 included children with reduced birth length, weight and HC (SDS ^ -2.00) (SGA L+W+HC ) [10] . All children fulfilled the inclusion criteria of being Caucasian and having an uncomplicated postnatal period. Children with severe chronic illness or endocrine disorders, chromosomal or genetic abnormalities, positive endomysial or transglutaminase antibodies, skeletal disorders, psychosocial dwarfism, and growth failure caused by other syndromes (except Silver-Russell syndrome), were excluded from the study.
The efficacy of 12 months GH treatment was evaluated in a subpopulation of 143 prepubertal children who were prepubertal at start and after 1 year of GH treatment. Prepuberty was defined as a bilateral testicular volume of ^ 3 ml for boys and Tanner stage M1 for girls. Children receiving medication for induction or postponement of puberty were excluded from the analysis. The study protocol was approved by local Medical Ethics Committees and written informed consent was obtained from the parents/guardians of each child.
Clinical Parameters
Data regarding gestational age and birth measurements were retrieved from medical records of 201 children. Maternal medical records of 120 children were traced for the type of delivery. Data regarding gestational hypertension, smoking (by mother, father or both) and use of alcohol were retrieved by questionnaires. Postnatal growth patterns from birth to 3 years of age were assessed using growth measurements from primary healthcare records, hospital records and baseline data from GH treatment studies of all 201 children. All measurements were plotted on a growth chart per child and checked for outliers to reduce within and between observer errors.
Ponderal index was calculated by ((birth weight in grams/ birth length in cm 3 ) ! 100) and expressed as SDS [12] . Body mass index (BMI) was calculated by (weight in kg/height in m 2 ) and SDS calculated according to Dutch reference values [11] . A measure for birth head size compared to length was obtained by subtracting birth head circumference SDS from birth length SDS. Height, weight, HC and sitting height were measured at start and after 1 year of GH treatment according to standardized methods [4, 5] . Sitting height/standing height ratios for age were expressed as SDS using Dutch reference values [12] .
Parental heights of 160 mothers and 157 fathers were assessed using a Harpenden stadiometer and expressed as SDS using Dutch reference values [13] . Target height (TH) SDS was calculated using Dutch reference values according to the formula: 1/2 ؒ (Height father + Height mother + 13) + 4.5 for boys and 1/2 ؒ (Height father + Height mother -13) + 4.5 for girls, where the addition of 4.5 cm represents the secular trend [11] . During GH treatment, biosynthetic GH was injected subcutaneously once daily at a dose of 1-2 mg/m 2 body surface area/day.
Statistical Analysis
Anthropometric data were analyzed from birth until 3 years of age and before and after 12 months GH treatment. Analyses from birth to 3 years of age were performed on the total cohort of 201 children by univariate analysis of variance (ANOVA). Absolute birth size was adjusted for sex and gestational age to adjust for prematurity. Anthropometric SDS up to 3 years of age was also corrected for gestational age. The standard deviation (SD) of the adjusted means was approximated by SD = SE ؒ Ί n. The 2 test was used to analyze data on delivery and gestational factors.
A subgroup analysis on the effect of GH treatment on growth was performed in a group of 143 prepubertal children. Analysis of the growth response was performed by using ANOVA. Baseline measurements were corrected for age at start of GH treatment, as covariate in ANOVA. The growth response during 12 months of GH treatment was adjusted for GH dose and age at start of GH treatment, also as covariate in ANOVA. Standard deviations of the adjusted means were approximated by SD = SE ؒ Ί n. Parental and target heights were compared by using ANOVA. Parental heights were compared to 0 SDS by one-sample t test.
If an overall test comparing the three groups was significant (p ^ 0.05), post-hoc tests with Bonferroni correction were performed. Statistical tests were performed using SPSS 11.0 Package (SPSS Inc., Chicago, Ill., USA).
Results
Birth Anthropometrics and Delivery
As shown in table 1 , there were statistically significant differences in anthropometric birth data between the SGA L, SGA L+W and SGA L+W+HC children, with the latter being the most severely affected ones with regard to all anthropometric data ( table 1 ). Whereas SGA L+W+HC children were most proportional as expected, SGA L+W children were most disproportional with a low birth length SDS in combination with a spared head in the normal range. SGA L children displayed an intermediate pattern. The type of delivery was different between groups. The majority (76%) of the SGA L group was born after vaginal delivery in contrast to the SGA L+W and SGA L+W+HC children (46 and 32%, table 1 ). Whereas the frequency of acute caesarean sections was not different between the groups, the frequency of elective caesarean sections was different. Within the SGA L+W+HC group, 53% of children were born after an elective caesarean section in contrast to 41% of the SGA L+W and 13% of the SGA L group.
Gestational hypertension occurred most frequently in the SGA L+W children, in contrast with SGA L and SGA L+W+HC children (37.9 vs. 13.6 and 28.3%). Smoking during pregnancy was highly prevalent (49.7%) but did differ between the groups. Alcohol use during gestation was reported in 7.4% of the total population and tended to be the most frequent in the SGA L+W children, although not statistically different between the groups.
Change in Height, Weight and HC during the First Three Years of Life
During the first 3 years of postnatal life, the extent of spontaneous growth differed between SGA L children and children in the SGA L+W and SGA L+W+HC groups ( fig. 1 ; table 2 ). Growth in height was greatest for SGA L+W+HC children. At birth, children in the SGA L+W+HC group were shorter than those in the other groups ( table 1 ), but by 6 months of age they had attained a height SDS that was similar to SGA L+W children (-3.21 SDS) although they remained significantly shorter than SGA L children (-2.62 SDS; p = 0.001, table 2 ). In contrast, the height SDS of SGA L children remained virtually unchanged during this period ( fig. 1 ) .
Whereas the SGA L children had a substantial reduction in weight SDS from birth until the age of 3 years ( fig. 2 ; table 2 ), SGA L+W and SGA L+W+HC children maintained their weight SDS.
At birth, HC was by definition significantly (p ! 0.001) smaller in SGA L+W+HC children than in the SGA L and SGA L+W children ( table 1 ) . During the first 6 months of postnatal life there was a substantial increase in HC SDS in SGA L+W+HC children from -2.9 SDS at birth to -1.9 SDS at 6 months followed by a further, albeit slower increase to -1.6 SDS at 3 years of age ( fig. 3 ; table 2 ). Despite this marked increase, HC was at 3 years of age significantly smaller (p ! 0.001) in the SGA L+W+HC children as compared to children in the other two groups. For children born SGA L or SGA L+W , HC decreased slightly during the first 6 months of life and remained below their HC SDS at birth until the age of 3 years ( table 2 ) .
Ponderal index and BMI were investigated as measures for weight for height ratio at birth until the age of 3. SGA L children had the highest ponderal index SDS at birth highest ponderal index SDS at birth, they had a decrease in weight SDS, especially during the first 6 months, resulting in a normal BMI SDS at age 3. From age 1 until age 3, SGA L+W and SGA L+W+HC children showed an increase in BMI (0.16 vs. 0.29 SDS), whereas SGA L children remained at the same SDS.
Effect of GH Treatment on Height, Weight and HC
Mean age (6.8 8 2.3 years) at start of GH treatment was comparable between the SGA groups (p = 0.40, table 3 ). From 3 years of age until start of GH treatment, height SDS was maintained at a similar level within each group, and did not differ markedly between groups ( table 3 ). GH treatment for 12 months resulted in a similar increase in height SDS (mean increase = 0.86 SDS) in all groups ( fig. 1 ) . In all groups, height SDS after 12 months GH treatment was significantly (p ! 0.001) higher than height SDS at start of treatment and was not different between groups (p = 0.35; table 3 ).
Between 3 years of age and start of GH treatment, weight SDS remained at approximately the same level in all groups ( fig. 2 ; tables 2 , 3 ) , with SGA L children remaining at a weight SDS of approximately -2.5 SDS which was significantly higher than those in the other two groups fig. 3 ). GH treatment resulted in a similar increase in HC in all groups ( table 3 ) . Despite this increase, HC remained the smallest for SGA L+W+HC and SGA L+W children after 1 year of GH treatment at -1.12 SDS and -0.88 SDS in comparison with the children in the SGA L group, being -0.46 SDS (p = 0.001).
At start of GH treatment, the sitting height to height ratio was not statistically significant between the groups, SGA L children having a mean (SD) of 1.42 (1.63) SDS, SGA L+W children 1.33 (1.22) SDS, and SGA L+W+HC children 1.51 (1.60) SDS (p = 0.86).
Parental Height
Parental heights (mother and father) were not significantly different between the SGA groups ( table 1 ). Parental height was lower than average (mother, -0.97 SDS; father, -0.82 SDS, in comparison to 0 SDS, both p ! 0.001). Although mean height SDS for mothers of SGA L children (-1.24 SDS) was lower than those of the other SGA groups, there was no statistical difference between the three groups (p = 0.09; table 1 ). Target height (TH) SDS tended to be the lowest for SGA L children (-0.66 SDS) and the highest for SGA L+W+HC children (-0.29 SDS), SGA L+W children showing an intermediate pattern at -0.52 SDS. Height SDS corrected for TH SDS was significantly different at birth but not at start of GH treatment (Birth length-TH, Height-TH SDS, table 1 ). All groups had a height SDS far below their TH SDS ( table 1 ).
Discussion
The aim of this study was to determine in short SGA children whether differences in birth anthropometrics, with respect to length, weight, and HC, were associated with differences in gestation, type of delivery, postnatal growth, parental height, and response to GH treatment. Our results show that SGA L+W+HC children experienced the most severe growth restriction during pregnancy. This is partly explained by their definition to have a length, weight and HC ^ -2.00 SDS, but was often 1 until 2 SDS below -2.00 SDS. SGA L+W children showed an intermediate pattern with regard to birth length and weight in comparison with SGA L and SGA L+W+HC children. Notably, SGA L+W+HC had the greatest increase in height and HC during early postnatal life, although at the age of 3, HC SDS and weight SDS still were significantly lower than those born SGA L . SGA subclassification could not predict a differential response to GH treatment as an increased growth was seen for all three groups. After 1 year of treatment however, HC and weight of SGA L+W+HC and SGA L+W children remained significantly below those of SGA L children.
SGA L children had no postnatal increase in growth, showed a marked decrease in weight and also a decline in HC SDS. In contrast, short SGA L+W and SGA L+W+HC children had a significant increase in growth during early postnatal life. These differences in postnatal growth patterns might result from different genetic and environmental parameters influencing SGA L children as compared with the SGA L+W and SGA L+W+HC children. SGA L+W+HC children suffered from severely impaired prenatal growth, but experienced a marked increase in growth after birth. In contrast, SGA L children were mostly born after a vaginal delivery, were less small at birth and showed a decrease in growth in height and weight after birth. Also, parents of SGA L children and especially their mothers, tended to be shorter than those of the other groups. These findings suggest that SGA L children resemble a growth pattern as observed in children with idiopathic short stature (ISS) who are also mainly born after a vaginal delivery, have a decreased growth after birth and in many cases short parents. It might well be that subtle skeletal abnormalities play a role in some short SGA L children instead of generalized fetal growth restriction, explaining the more frequent vaginal deliveries. For this group of SGA children it might be interesting to perform genetic research into genes involved in pre-and postnatal bone development. SGA L+W children were characterized by their intermediate birth size, type of delivery, and postnatal growth pattern in comparison to the SGA L and SGA L+W+HC children. These children also had the highest frequency of gestational hypertension which might explain their short gestational age during elective caesarean section and their spared birth HC. This observation might suggest that SGA L+W children, in contrast to SGA L and SGA L+W+HC children, might be a consequence of gestational hypertension. A previous report also showed that the combination of low birth weight and height is most frequent after gestational hypertension [14] , which confirms our observation. We however could not observe that SGA L+W children were more prone to have cardiovascular risk factors as a higher postnatal weight or BMI increase in comparison to the other groups. Further long-term follow-up of SGA L+W children is needed to identify a potential higher risk to cardiovascular risk factors.
SGA L+W+HC children were the smallest at birth, with regard to length, weight and HC. We expected to find a comparable or somewhat smaller birth length SDS than in the other children, as birth length SDS ^ -2.00 was the major inclusion criterion for all children in the study cohort. However, we found that SGA L+W+HC children had a considerably shorter birth length than SGA L and SGA L+W children, despite of having the highest target height of the groups. Interestingly, SGA L+W+HC children had the greatest increase in growth parameters of all groups, indicating that SGA L+W+HC children might have had the most severe fetal growth restraint which disappeared after birth. Postnatal growth of the children with the most severe growth retardation might be explained by regression to the mean. However, if this growth would be due to regression to the mean then we would have expected growth of all growth parameters in the SGA L+W+HC children. As there was no growth in weight, we suspect that regression had only a limited effect.
Of note was the finding that 68% of SGA L+W+HC children were delivered by caesarean section in contrast to SGA L children of whom 76% were born after vaginal delivery. It is likely that the SGA L+W+HC children experienced growth retardation from early in pregnancy, also affecting head growth. It might well be that the percentage of deliveries by elective caesarean section was high due to this severe growth retardation which is often seen in combination with reduced placental blood flow. Phenotypic variation is by definition determined by the interaction between genetic and environmental factors. Currently most genetic research in short SGA children is focused on the role of the insulin-like growth factor-I (IGF-I), IGF-I receptor (IGF-IR) and GH receptor genes in determining size at birth [15] [16] [17] [18] [19] [20] [21] . Of particular interest is the finding that patients with mutations in the IGF-I or IGF-IR genes also had a reduced HC and various degrees of mental retardation [15, [17] [18] [19] . SGA L+W+HC children showed, however, a combination of severe prenatal growth restraint and remarkable postnatal growth in height and HC, which is not a characteristic of subjects with a deletion or mutation in the IGF-I or IGF-IR gene. For that reason, it is unlikely that SGA L+W+HC children have major deletions in these genes but minor variants might play a role. Further research into gene-gene and gene-environment interactions is needed to elucidate the etiology of SGA L+W+HC .
Evidence from several studies suggests that pre-and postnatal HC growth may influence cognitive function in SGA children [22] [23] [24] . For example, SGA children with reduced HC ( ^ P10) at birth and at 9 months of age experienced widespread impairments in their verbal and nonverbal IQ ratings, phonological awareness skills, visual-motor integration skills, problem-solving abilities and literacy skills at age 7-9 [23] . Other studies have shown that SGA children with a reduced height and/or insufficient growth in HC and/or height had the highest risk for subnormal intellectual and psychological performance [22, 24, 25] . Hence identification of short SGA children with small HC SDS may be clinically relevant as it may help to identify children at particular risk for learning difficulties.
In this study, we have specifically evaluated SGA children with persistent short stature, in contrast to SGA catch-up children, having a height ! -2.00 SDS at 3 years of age. As a first step in subphenotyping the heterogeneous SGA group, we have focused on short SGA children as they receive endocrine care for their growth retardation, often including GH treatment.
In conclusion, our study suggests that SGA children with persistent short stature may be subclassified according to their birth length, weight and HC. Subclassification using these criteria may provide a useful framework to explore the mechanisms underlying differences in the extent of spontaneous postnatal growth that are observed in a population of short SGA children. Such a subclassification of short SGA children might also be useful for elucidating underlying genetic or environmental causes of SGA and future risk profiles with regard to adult diseases. Where SGA L children appeared to experience the least fetal growth retardation and postnatal height increment as within ISS children, SGA L+W children were most affected by gestational hypertension which might suggest effects on cardiovascular risk profiles in later life. SGA L+W+HC children were born with the lowest HC but experienced a major increase in HC growth postnatally. In this group of children, further studies might be directed at specialized interventions such as remedial teaching on cognition during early infancy as well as evaluating the effect of GH treatment at an earlier age.
